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3.1 Ploe a disgram of & damped oscillarion whose equation 1s given in the

form x = e_'u*“ IZI.I!I':—E n.

3.2 The equition of damped cscillations 1s glven in the form
—— '__-D.ISL -11.'%1: .
Find the valocity of an cecillating point at the momente of time; 0, T,

2T, 3T, and 4T.

3.3 An eguacion ¢f undamped oscillations L8 =x = pind.5vt cm. Find the
displacement from the position of equilibriun, the wvelseiey and the accaleraticmh
of a point 20 m away from the source of oscillacions for & moment of £ = 1 @
after the oscillaticns begin. The oscillatics propagate with & welocity

af 100 a/s.

J.4 Verify that the solution
x = (A+Be)e "t/ 2m
gatisfies the equaticon

mx+rx+Kx = O

when l-E.l"a"i.m2 = ¥im.

3:5 Show that the boundary condition x = A cosd 8t € = 0 imposed upon
the general solutlen
-rt/Im iu't M
x = & {-::.1- + G0 )
for damped simple harmenie moyien, requirss

S T
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3.6 A capacitance C with a charge q, at t = 0 discharges through a resis-
tance K. Use the voltage equation q/C + IR = 0 to show that the relaxation

tise of this process is BC seconds, thart is,
=t /RC

L S
(Note that tfRC is non—dimenstional.)
1.7 The equaction mx + Kx = Fn ginwe describes che motion of an undaomped
pimpla harmonie sgcillator driven by a force of frequancy w. Show, by solving

the squation in vector form, that the steady stace solution is given by

) z E
X = I_ _i__I ﬂ-ﬂ iﬂ - -'.-'
Sketch the behaviowr of x versus w and pote that the change of sign as
passes through w_ defines a phase change of ¥ radians in the displacement.

Hoew show that the general selutiom for the displacement is given by

l'ﬂl sinek

. S ) +l:nunt+!ihn=t
Il‘.un-uj

where A and B are constant.

3.8 In problem 3.7, 4f x = x = 0 at ¢t = 0 show that
l" "
x = -—-'Tl—i (ailmnut == lirunl:}
{uﬂ =u ) o
and by writing w = w_ + dw vhers dw is small, show that, near resomsnce,

F
o
X = ;E- 4 l:I.muI: =t r.n-utj

Eketch this behaviour; noting that the second term increases with cime,

allowing the oscillacioms of grow (resomance batween fres and forced oscillacism)’,
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3.9 An alrernating volrage, amplitude F‘ is applied across an LCR seriss
clreult. Show that the wolrages at current resonance scrosd either the

inductance or comdensar is ml'n.

3,10 BShow that in resonant LCR series circuit the maximum potentlial across
the condenser occurs at & frequency o = un{l - 1.f1q§f‘ where u: - l[l..l:}-l

and Q_ = w_L/R,

3.11 Bee Eg. (3.10) and fill in the algebraic step omitted in obtaining

the result E = En:'tffﬁ

3.12 Bhow by dirvect substicution that :p:litj as given by Eq, (3.3) ia &

solution of the damped harmonic escillator equation of motiem, Eg. (3.2).

3.13 Show that if :l{tl is a solution of Eq*'ti.l} for a driving force
ll[t}, and if :2'!:] is the solution For a differenc driving foree qu'.l:},
then the force F{F} - I"l!.'t,'ll + Fz{t} gives the solution x(t) = :l{t]' + ::i.'tl.
provided that the inielal conditions x(0) and x{0) for the superpositicn
are also che cerreaponding sums of the initfial condicicns, 1.e., provided

x(0) = x,(0) + x,{0) and x(0) = x,{0) + x{0).

3.4 Bhow by substitutien that Eq. (3.14), (3.15), and {(3.16), give a

solucion re Eq. (3.13).

3.15 Verify Eq. (3.2]1) for the power loss due to friction. Werify chac

it 15 equal to the input power as given by Eq.(3.20).

3.16 Verify that the time-averaged stored energy E for steady-state

oacillation 1s given by Eq.(3.22).
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3.17 Verify that the half-power polnts for the steady-state rescnance curve

are given by Eqe.(3.24) and (3.25).

3.18 Show that Eq,(3.30) give the exact steady-state solution to the driven
oscillator equation (3,13}, for the case where the damping constant T is

EErd.

3.1% Show that 1f the pendulums of Fig. 3.4 are coupled by slinkies,
they have tha same equations of motion for transverse horizontal eeselllation

as they do for the longitudinal mocien showm.

3,20 GSkerch a syscem of induwetsnces and capacitance that has equariona

of motion eimilar im form to Eq.(3.50), and derive their eguatioma of motion.

3.21 Assume the ionosphere starts suddenly at a boundary, at which the
cutaff fraquency u]i' suddenly lncreases from zero to 20 Me, Find the asplicude
attenuatlon distance § for AM radlc waves of frequency 1000 Kc.

Ans. About 2.5 meters, independent of frequency, as long as the

frequency 1s far belew cutaff,

3,22 Using the coupled pendulums as & gulde, write dovn the complete
dispersion relation for analogous system of coupled inductance and capaci-
tances, We want the dispersien law in the pass band and inm the two cutoff

reglong of freguency.

3,23 Shew that, if we use the weak-dasping approximation and 1f we stay
rescnably near a resopance, the absorptive and elastic amplitudes can be

weltten (with a sultable choice of units) in the ferm
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A, = 1 A, -
ab !!4_1 &l :i-lrl

whare x = (w - H'HHI‘ .

3,24 Suppose we have a system with twve rescnances at frequenciss o and

u, which make equal contributions to the elastic amplitude of some moving

part, For w far froe both @ and »,, we can vrite (in some units or other)

1

i "% 3¥~3 3~

Shew that, 1f w differs from w, and Wy by much more than thair diffsremce

1
g = Wy then "Lul is (te a good approximation) just twice as large as either

of the two concributionsa. That ie, show chat

4 2
A - :—!—f}{i-i-: L R
. Yeav ™

L.

”“I - lﬂulz + uzz,'p. £E= 5
-

1-25 gritical damping. Starting with the equation for the underdamped
free oscillaticons, Eq. (3.7), show that for critical damping the solution
becomas
) = & T (0) + |%,(0) + rxy () e},
Show that this same result is obtained if you start Lnstead with the eguation

for mrﬂq.ﬂ.ﬂldull’.ﬂl. Eq ([3.9).

3,26 Coupled pendulums. Considetr s linear array of coupled pendulums
driven below cutoff at £ = 0 mnd attached to a rigid wall at £ = L, as shown

in Fig.3.5. Show that if y(z,t) squals A, cosut as £ = 0, then ple, )



ias

= A(z) cosut, where

Alz) = AEIA-" '!::L'-:[H}l

i - -l:-!ﬂ'

Motice that for L + = this becomes simply ﬁbi'“.





